Based on clonal characteristics and cellular morphology Hoehn et al. (5) could divide the amniotic fluid cells into three main types: E (epithelial), F (fibroblastoid) and AF (amniotic fluid)' cells. The presence of fibroblasts in AF cell cultures has been the most conflicting problem. It has been claimed that true fibroblasts are only occasionally found in AF cell cultures (4, 5) . On the other hand, as already noted by Hoehn et al. (5) , the AF-type of cells and fibroblasts may be difficult to distinguish using morphological criteria only.
Attempts have also been made to characterize cultured AF cells on the basis of their production of extracellular matrix proteins, detectable both in the culture fluid and in the cell layers (7) (8) (9) (10) (11) (12) (13) (Fig. 1, lanes 1, 2; 17, 18). The antibodies were immunologically purified using a vimentin-Sepharose CL4B absorbent and they gave a single line of reaction on electrophoretically separated polypeptides from cultured human fibroblasts using the immunoblotting technique of Towbin et al. (19, Fig. 1, lane 3) .
(b) Rabbit and sheep antibodies against purified human keratin polypeptides (anti-keratin). Human keratin polypeptides were isolated from human plantar callus using the method of Sun and Green (20) . Four to five major polypeptides could be resolved in gel electrophoresis of the purified polypeptide preparations (Fig. 1, lane 4 ). Antibodies were raised against this polypeptide preparation both in rabbits and in sheep and were further purified immunologically using a keratin-Sepharose-CL4B absorbent as For immunostaining, the nitrocellulose sheets were first reacted with the rabbit anti-cytoskeleton antibodies, followed by swine anti-rabbit immunoglobulins (Dako) and then with rabbit antiperoxidase-peroxidase complex (Dako). The enzyme reaction was developed as described by Towbin et al. (19) .
RESULTS
All AF cell cultures (n = 90) of the present study showed several tyPes of cells in IIF. Cells of epithelial origin were overwhelmingly dominating, while fibroblastic cells were only occasionally detected. Five distinct classes of epithelial cells could be characterized and they have been designed here as E-1 to E-5. The epithelial nature of the cells was judged on their binding ability for keratin-specific antiserum as described for a variety of epithelial cells both in vivo and in vitro (18, 26-31, cf. 32). Both in cultured PTK2 cells and human amnion epithelial cells a fine fibrillar cytoplasmic keratin-specific fluorescence was seen in IIF (Fig. 2a, b) . Especially in human amnion epithelial cell cultures the cells typically showed an abundant cell-to-cell arrangement between the adjacent cells (Fig. 2b) . Fibroblastoid cells were identified by their staining with vimentin antibodies but not with keratin antibodies (16, 18, 32) .
Epithelial cell types. E-1; the most common cell type present in all cell cultures of the present study was a middle-sized pleomorphic cell that often was quite fibroblastoid in morphology showing a bright fibrillar keratin-positive cytoplasmic staining in IIF (Fig. 3a, b) . These cells did not show any cell-to-cell arrangements of keratin fibers, a characteristic previously reported typical for most cultured epithelial cells (18, (26) (27) (28) 30 , cf. Fig. 2b) zation of both keratin and vimentin filaments (Fig.  4a, b) . Similarly to E-1 cells, the keratin fibers in E-2 cells lacked the typical cell-to-cell organization. Slow growth and low proliferation capacity were characteristics of E-2 cells. E-2 cells apparently correspond to E cells by the classification of Hoehn et al. (5) .
E-3; these cells were indistinguishable by size and morphology from E-1 cells, but could easily be classified on the basis of their keratin organization. The E-3 cells showed keratin fibers extending from one cell to another (Fig. 4c, d) . A typical gap in the fibrillar keratin staining could be seen between the cells (Fig.   4c, d the insert) , earlier shown to correspond to the location of the desmosomes in epithelial cells (27) . E-4; small rapidly growing epithelial cells in dense colonies could occasionally be found in AF cell cultures (Fig. 4e, f) . These cells could be differentiated from other cell types already by their typical growth pattern and morphology. They have been earlier classified as AF II cells (5) . The keratin fibers in E-4 cells also had the cell-to-cell organization with desmosome gaps (Fig. 4e, f) . E-4 cells were present only in a small number of cell cultures.
E-5; a small number of large multinucleated cells were found dispersed among other cell types in most of the cultures. These cells exhibited bright bundles of keratin fibers in addition to the vimentin-specific staining (Fig. 4g, h ). (Fig. 5a,  b) , were found only in a small number of cultures. In the present study only three amniotic fluid cultures had F-cells as the dominating cell type. Interestingly, even such cultures also showed keratin-positive E-1 and E-3 cells morphologically indistinguishable from the surrounding fibroblasts (Fig. 5 c, d) .
Several cell cultures were assayed also for antibodies against glial fibrillary acidic protein (23) or for antibodies against desmin, the muscle type intermediate filament protein (cf. 21), but no positive cells were found in any of the amniotic cell cultures. On the other hand, the cellular content of the AF of the present study showed extensive variation regarding both the number of cells and the proportions of the various cell types seen in the cultures. The scope of the work did not allow a quantitative evaluation of the relative abundance of the different cell types but approximate quantitation is given in Table I .
DISCUS SION
We have shown in the present study that the majority of the cells cultured from second trimester AF are epithelial cells, whereas fibroblastic cells are only occasionally found.
The presence of both epithelial and fibroblastic cells in AF cell cultures has been suggested earlier on the basis of several criteria (4, 5) . Results with histidase assays on AF cell cultures demonstrated two types of cells, the epithelial cells being histidase positive while no enzyme was found in fibroblasts (4, 33) . Priest and his collaborators (7-9) and Crouch et al. (10) (11) (12) (13) were able to distinguish fibroblasts among amniotic fluid cell cultures based on the production of type I and type III collagen and fibronectin (8, 10, 11) , similarly to the cultured human fibroblast cell lines (34) . Epithelial cell clones in AF cell cultures, on the other hand, secreted type IV collagen (7, 8, (11) (12) (13) , found in various basement membranes (cf. 34) and also a noncollagenous basement membrane protein (9) .
A number of recent reports have shown that different types of cells, both in culture and in situ (16, 18, 22, (27) (28) (29) (30) (31) can be distinguished based on the type of intermediate filament protein found in their cytoskeleton. Cultured fibroblasts (16, 18, 27) , muscle cells (18, 22) , epithelial cells (18, (27) (28) (29) (30) (31) , glial cells (24) and neuronal cells (18, (32) (33) (34) (35) Five distinct epithelial cell types could be characterized in the present study in AF cell cultures. The most common epitheloid cells (E-1 and E-2), closely correspond to the AF and E cells, respectively, in the classification by Hoehn et al. (5) . The E-1 is the characteristic cell type in the diagnostic AF cell cultures and the fetal karyotyping is mainly done on mitoses of this cell type. Biochemical analyses of the cultured AF cells also rest to a large extent on E-1 cells. E-3 and E-4 cell types, characterized by the typical arrangement of keratin filaments from cell-to-cell between the adjacent cells (27) , not present in E-1 or E-2 cells, were also quite often seen in AF cell cultures. The large multinucleated cells (E-5) containing large amount of fibrillar keratin were recently suggested to rise by fusion of E-1 cells (37 .~~~~~~. (14) . Other fetal disorders may also be associated with specific cellular markers.
The site of origin of AF cells has remained unknown although both fetal urine (38, 39) and fetal membranes (40) 
